We have searched for radio flare events on 15 late-type stars using the Arecibo radio telescope at 430 MHz. We obtained about 50 hr of interference-free data and detected one impulsive event for the M2 III star a Cet. The observed radio event is consistent with the hypothesis that it originated in a solar-flare-type disturbance in the stellar atmosphere.
I. INTRODUCTION
Explosive phenomena on the Sun, covering many wavelength regions and collectively labeled flares, are directly associated with regions of enhanced magnetic activity. The current theory for the development of solar flares is that magnetic flux is sheared and twisted by a differential rotation and subsurface flows as it emerges from below the surface. This gradually builds up until some trigger, which is unknown but may involve flux emergence, causes the fields to reconnect and relax (cf. Svetska 1972) . This relaxation converts large amounts of magnetic flux into nonthermal energy and produces the flare.
Similar flare activity, but of a much more energetic nature, has been observed in the UV Ceti-type "flare stars.
,, Though no magnetic fields have yet been observed on these stars (Vogt 1978) , the theories involving the flare energy release have also involved magnetic field dissipation.
Solar observations have revealed a good correlation between active chromosphere phenomena (e.g., enhanced Ha and calcium emission) and the presence of magnetic fields. Certain stars (termed active chromosphere stars) show this enhanced emission as well as other indications of magnetic fields, such as the presence of activity cycles (Wilson 1978) . Magnetic fields on at least two of these stars have been tentatively detected by Robinson, Worden, and Harvey (1980) , with the field strengths comparable to those found on the Sun. The average fields on these stars were very small (see Boesgaard 1974) , indicating field configurations in a highly disordered state.
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Because of the presence of strong, disordered fields, these stars should also produce flare phenomena. Searches for such activity have given negative results. We believe that this is due to the standard procedure of using wide-band photometry in the investigations. If the active chromosphere flare has properties similar to most solar flares, we expect only a chromospheric enhancement, with very little photospheric heating. Further, because most active chromosphere stars are earlier and brighter than the UV Ceti flare stars, we would not expect a pronounced effect because of the enhanced background.
A common characteristic of both solar and stellar flares is the emission of large amounts of microwave flux. The detection of this flux may be the best way of detecting flares. In a previous study, Fix and Spangler (1976) Observations were taken from a total of 108 hr, of which about 60 hr were unusable owing to radiofrequency interference. We have included the Linsky et al. (1979) measurement of flux ratio in the calcium H and K lines to the total stellar luminosity. This value is a good estimate of relative chromospheric activity. Active chromosphere stars typically have ratios of ^2 X 10 -5 or larger; for comparison, the solar ratio is 7.7 X 10 -6 . Using Spangler's results for dMe flare stars (Spangler 1975) , we chose 430 MHz as the observing frequency. This system is highly gain stable, has a system temperature of 250 K, a bandwidth of 10 MHz, and a primary beamwidth of 10'. A wide beam Yagi antenna monitored the horizon. This scheme was tested by Spangler, Rankin, and Shawhan (1974) and Spangler, Shawhan, and Rankin (1974) several years ago and found to be a good indicator of interference.
The data were calibrated by taking drift scans of known intensity 3C sources over a wide range of zenith angles and relating the signal, measured with a 25 K noise signal injected, immediately after the scan. The zenith-angle-dependent sensitivity was 8-18 K Jy -1 , consistent with previous results. A 0.5 s integration time was used.
A considerable fraction of the total of 108 hr of observations was affected by radiofrequency interference. Of the 56 hr of data taken during the January run, only 15 hr are free of interference. The March run was much less noisy, with only 15% of the data unusable.
The interference may be classed by three characteristics that were observed in the main beam and reference signals: (1) short isolated spikes, with an apparent rise and fall time of less than 2 s; (2) spikes of 1-2 s duration, spaced at 8 s intervals; (3) randomly spaced periods of non-Gaussian noise, occurring on time scales of 1 minute to 1 hr and often interspersed with radioquiet intervals. No strong correlation was observed between the occurrence of noisy periods and the time of day.
Most of the interference was of "type 2" and accounted for roughly 80% of the lost time. Although this noise appeared periodic, it was not possible to recover reliably a flare signal from it. The interference was not stationary; masking and Fourier filtering did not eliminate reliably all noise. Thus, intervals of 20 minutes to 4 hr were discarded if noise of this form appeared in the reference. On only four occasions were there short ( < 1 minute) segments of this type of interference that appeared in the main beam signal, but not in the reference. These were easily recognized and discarded.
"Type 1" interference was less of a problem. Isolated interference peaks were common, at a mean rate of several per hour, but of such short duration that very few data were lost. In some cases, a spike appeared in the on-star signal and not in the reference. All such events (roughly 20) were eliminated.
The last category accounts for the remaining lost time. Noise of this type appeared and disappeared abruptly with a highly variable amplitude in the reference signal. Approximately 8 hr of calibration sources and sky showed no instance of main beam interference of this form that did not also appear in the reference. Furthermore, out of the total observing program of 108 hr, there were no examples of this noise in the main beam signal that did not correlate with reference noise. We believe that the Yagi reference is an accurate monitor of these noise sources. All data that show such uninterrupted interference in the reference signal have been discarded, while quiet periods of several minutes, interspersed with noise, have been retained. Figure 1 shows the reference and main beam signal for a portion of the 1980 March 6 observations. The uncalibrated reference signal monitored interference before and after the 20 h 03 m 03 s UT event displayed in the on-star signal. This "flare event" in the main beam signal is believed to be of stellar origin for the following 198lApJ...245L..71B No. 2, 1981 reasons: (1) its long duration would make it a "type 3" noise spike if it were in fact noise; but, as discussed above, there is no example of such noise appearing in the main beam signal and not in the reference; (2) the rise time and duration of the noise observed in the reference near the time of the flare are quite different from the flare event itself.
Considering the noise 430 MHz environment of Arecibo Observatory, it is impossible to rule out completely the possibility of a nonstellar origin to this signal, but the data indicate this event likely originates on a Cet.
in. DISCUSSION If we assume the observed event is similar to solar flare radio events, we can study possible physical characteristics of the flare. We note that the event appears qualitatively similar to Spangler's (1975) dwarf M radio flares and RS CVn radio flares (cf. Feldman et al. 1978 ). Although we must keep in mind other possible origins for the event, both stellar and nonstellar, we will proceed with an analysis based on the solar analogy.
The star a Cet has a measured parallax of 0''003 ± 0?005 (Jenkins 1963) , suggesting a distance of several hundred parsecs. An alternate distance estimate may be based on assuming that the star has a standard luminosity for a M2 III giant star of absolute magnitude M v = 0.55 (Allen 1973) . With the apparent magnitude of the star of 2.52, we deduce a distance of 
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40 pc. Based on the uncertainties, we adopt 100 pc as a reasonable estimate for the a Cet distance. A 1 flux unit radio event at 100 pc is equivalent to a 4 X 10 14 flux unit event at 1 AU, about 10 7 times the level of the largest solar events and comparable to radio fluxes from RS CVn stars at higher frequencies (Feldman et al. 1978 ). We will use this factor to scale the total stellar flare energies to the radio flare ratio of 10 7 . For the Sun, radio fluxes for flares of similar total energy vary considerably and depend on the type of radio event associated with the optical flare. Gurzadyan (1980) gives relative ratios of radio fluxes to optical fluxes for flares on the Sun and several late-spectraltype flare stars. From these data it seems that radio fluxes roughly scale with optical energy over many orders of magnitude, but with the solar optical-toradio ratio of one to two orders of magnitude larger than the later-type stars. Large solar flares have energies typically between 10 30 and 10 31 ergs. Using our assumption of optical-to-radio scaling, and keeping in mind that the solar ratio is somewhat larger than the later-type stars, we adopt 10 37 ergs as an estimate for total flare energy. We note that this is comparable to total flare energies for the very latest M dwarf flares (cf. Coleman and Worden 1976) or for T Tauri stars .
We require several other parameters to complete our analysis. For flare thickness, we assume that the flare extends through the entire stellar atmosphere, similar to large solar flares. We derive the chromospheric thickness on a Cet based on models published by Kelch et al. (1978) for a number of late-type giants. These models show that the chromospheres extend over about 10 pressure scale heights. A mean scale height (kT/ng) for these stars is 10 5 km, which suggests about 10 6 km for chromospheric thickness. We also assume that the flare is powered by magnetic field reconnection and relaxation (cf. Svetska 1972) . We have no knowledge of possible field strengths on late-type giants, but it is probably safe to assume that they scale, as do solar fields, such that the mean magnetic energy density, proportional to the square of the field strength, is comparable to the mean kinetic energy density. Kinetic energy densities in late-type giants are about two orders of magnitude lower than solar values (Allen 1973) . This translates to a field strength of a few hundred gauss, as opposed to a few thousand gauss for the Sun. Assuming about a 100 gauss field annihilation and reduction during the flare and 10 37 ergs flare energy with a flare thickness of 10 6 km, the necessary flare volume is 10 19 km 3 or about 3 X 10 6 km horizontal scale on the stellar surface. This is about 0.3% of the visible stellar surface. This is a reasonable estimate, comparable to large solar events and of a size which precludes significant light level changes in the light curve of the star. The size could not be much larger than this because of the short duration of the event. If the disturbance were propagating at light speed, the observed flare duration of 30 s limits the flare to about 10 7 km scale. It is thought that flare-related phenomena propagate at the Alfvén velocity which implies a smaller size for the flare region. In conclusion, we report the observation of an impulsive radio event on a late giant. This activity appears to be considerably less frequent and/or less intense than commonly observed on the UV Ceti flare stars. At present, with only one event detected, it is hard to make any general conclusions. The parameters deduced for the event of a Get, however, are compatible with solar observations, and it is reasonable to identify the event as a stellar flare, qualitatively similar to solar flares.
We are presently engaged in studies of these stars using high-precision, narrow-band photometry in Ha and Ca K in an attempt to verify their existence and determine their properties more accurately.
